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ZHW &2 GHQVLWLHV DUH SUHVHQWHG 7KH SUHVVXUH GHFOLQH ZLWK UHVSHFW WR WLPH LQ D FORVHG WZRSKDVH V\VWHP ZDV
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7KHUH LV QRW DQ DFFHSWHG DQG DFFXUDWH DQDO\WLFDO PHDQV DYDLODEOH WR SUHGLFW WKH OLTXLGVLGH PDVV
WUDQVIHUFRHIILFLHQWN/IRUWKHGLVVROXWLRQRIDJDVLQDOLTXLGH[FHSWLQWKHVLPSOHVWRIFDVHVVXFKDVWKDWRI
ODPLQDU IORZ 6LQFHN/ LQFOXGHV WKH HIIHFWV RI EXON IOXLG IORZ GLIIHUHQW K\GURG\QDPLF UHJLPHV OHDG WR
GLIIHUHQWYDOXHVRIN/
'LUHFWH[SHULPHQWDOPHDVXUHPHQWRIN/LVRIWHQXQGHUWDNHQIRUVSHFLILFJDVOLTXLGV\VWHPV0DDOHMHW
DO >@ UHSRUWHG D UDQJH RI N/ IURP  WR  FPV IRU &2 GLVVROXWLRQ LQWR DTXHRXV VROXWLRQV RI
1D&2DQG1D2+1LUDQMDQHWDO>@DQGODWHU1LJDPHWDO>@H[DPLQHG&2GLVVROXWLRQLQWRZDWHUDQG
JO\FHUROVROXWLRQVGHWHUPLQLQJDUDQJHRIN/IURPWRFPV9D]TXH]HWDO>@FDOFXODWHGN/
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DW HOHYDWHG SUHVVXUH LQ D VPDOO VWLUUHG DQG WHPSHUDWXUH FRQWUROOHG SUHVVXUH UHDFWRU $ 3DUU ,QVWUXPHQW
&RPSDQ\0LQL%HQFK7RS5HDFWRUZDVXVHG:LWK WKHLQWHUQDOHTXLSPHQWVHOHFWHG WKHPHDVXUHG
LQWHUQDO YROXPHRI WKH UHDFWRUZDVFP7KLVHTXLSPHQW LQFOXGHGDGLS WXEH -W\SH WKHUPRFRXSOH
FRROLQJORRSDQGDVLQJOHEODGHGRZQZDUGSXPSLQJRSLWFKHGWXUELQHLPSHOOHUSODFHGFPIURPWKH
ERWWRPRIWKHUHDFWRU$QHOHFWULFKHDWLQJXQLWDQGIORZWKURXJKFRROLQJORRSZDVXVHG$3DUU,QVWUXPHQW
&RPSDQ\  UHDFWRU FRQWUROOHU SURYLGHG 3,' FRQWURO RI UHDFWRU LQWHUQDO WHPSHUDWXUH DQG LPSHOOHU
URWDWLRQDOVSHHGDORQJZLWKORJJLQJFDSDELOLW\$V\ULQJHSXPSDQGKHDWHGDFFXPXODWRUZHUHXVHGWRILOO
WKHUHDFWRUZLWKEULQHDQGVXEVHTXHQWO\GLVSODFHKDOIE\YROXPHZLWK&27KHPDVVRIEULQHGLVSODFHG
ZDV PHDVXUHG ZLWK D ODERUDWRU\ EDODQFH &RPSOHWH VSHFLILFDWLRQV DQG D GHWDLOHG VFKHPDWLF RI WKH
H[SHULPHQWDODSSDUDWXVDUHDYDLODEOHLQ>@
([SHULPHQWDOSURFHGXUH
7KH SUHKHDWHG DFFXPXODWRU DQG UHDFWRU ZHUH FORVHG DIWHU ILOOLQJ ZLWK &2 DQG EULQH UHVSHFWLYHO\
ERWKDWHOHYDWHGSUHVVXUH+DOIRIWKHYROXPHRIEULQHLQ
WKHUHDFWRUZDVVXEVHTXHQWO\GLVSODFHGZLWK&2UDSLGO\
DQG DW UHODWLYHO\ FRQVWDQW SUHVVXUH $IWHU FORVLQJ WKH
UHDFWRURQFHPRUHWKHVWLUUHUZDVWXUQHGRQDWUHYV
7KH SUHVVXUH WHPSHUDWXUH DQG VWLUUHU URWDWLRQDO VSHHG





RI LQYHVWLJDWLYH H[SHULPHQWV ZHUH FRPSOHWHG WR HQVXUH
WKDWWKUHHFULWLFDOFULWHULDZHUHPHWLWKHLQWHUIDFLDODUHD
DZDVVWDEOHDQGTXDQWLILDEOHLLWKHLQVWDQWDQHRXV&2
FRQFHQWUDWLRQ LQ WKHDTXHRXVSKDVH &2& G DVXQLIRUP









HQWUDLQPHQW ZDV GHWHUPLQHG E\ REVHUYDWLRQ IRU VHYHUDO GLIIHUHQW PHFKDQLFDO FRQILJXUDWLRQV DQG VWLUUHU





&DUHIXO DTXHRXV SKDVH VDPSOLQJ H[SHULPHQWV FRQILUPHG PRUH XQLIRUP PL[LQJ ZLWK LQFUHDVHG VWLUUHU
VSHHG>@
2SHUDWLQJOLPLWV
6HYHUDO WHPSHUDWXUHFRQWUROOHGH[SHULPHQWVZHUHFRQGXFWHGRYHUD UDQJHRI WHPSHUDWXUHVDQG LQLWLDO
SUHVVXUHV $ UHJLRQ LQ 73 VSDFH ZDV LGHQWLILHG ZKHUH WKH YHU\ VKRUW WLPH WR UHDFK HTXLOLEULXP ZDV
LQIHUUHGDVDUHVXOWRIJDVHQWUDLQPHQW7KLVUHJLRQZDVORZWHPSHUDWXUHDQGODUJHSUHVVXUHZKLFKOHDGV




OLPLWV RQ RSHUDWLQJ WHPSHUDWXUH DQG SUHVVXUHZHUH GHWHUPLQHG7KHVH DUH D VLQJOH EODGH GRZQZDUG
SXPSLQJRSLWFKHGWXUELQHLPSHOOHUSODFHGFPIURPWKHERWWRPRIWKHUHDFWRURSHUDWHGDWUHYV
ZLWKZHW&2GHQVLW\QRWH[FHHGLQJJFPDQGWHPSHUDWXUHQRWH[FHHGLQJ.
9DULDWLRQ LQ QDWLYH EULQH FRPSRVLWLRQ ZDV FDSWXUHG WKURXJK WKH SUHSDUDWLRQ RI V\QWKHWLF EULQHV





3DUDPHWHU 6\PERO 6PDOOYDOXH /DUJHYDOXH
7HPSHUDWXUH. 7  
:HW&2GHQVLW\JFP
ZHW&2
U   
1D&OVDOLQLW\P 61D&O  
&D&OVDOLQLW\P
&D&O
6   

7RHYDOXDWHWKHUHVSRQVHRIN/WRFKDQJHVLQHDFKRIWKHSDUDPHWHUVFRQVLGHUHGDGHVLJQHGH[SHULPHQW
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ZLWK QHW PROHV &2Q RI &2 WUDQVSRUWHG EHWZHHQ SKDVHV DQG VDWXUDWLRQ LH HTXLOLEULXP &2
FRQFHQWUDWLRQ &2 VDWXUDWLRQ&  6LQFH WKH SKDVH LQWHUIDFH ZDV UHODWLYHO\ IODW D ZDV WDNHQ DV WKH FURVV
VHFWLRQDO DUHD RI WKH UHDFWRU  FP 7R FDOFXODWH N/ IRU HDFK RI WKH WZHQW\WZR H[SHULPHQWV D





$W HDFK GLVFUHWH WLPH VWHS IRU ZKLFK WKH PHDVXUHG SUHVVXUH LV NQRZQ D WXQHG 35 (26 IODVK
FDOFXODWLRQZDVPDGH8VLQJWKH&2PROHIUDFWLRQLQWKHDTXHRXVSKDVHIURPWKHIODVKFDOFXODWLRQDQG






:LWK WKHQXPEHURIPROHVRI DOO FRPSRQHQWV LQ WKH UHDFWRU NQRZQ &2& G ZDV FDOFXODWHG DW HDFK
GLVFUHWHWLPHVWHSE\XVHRISKDVHYROXPHVDQGFRPSRVLWLRQVDJDLQFDOFXODWHGE\WKHVDPHPRGHOVXVHG
DERYH$VWKHH[SHULPHQWSURJUHVVHV &2& G LQFUHDVHVZKLOH &2 VDWXUDWLRQ& GHFUHDVHV
)LQDOO\DQXPHULFDOFDOFXODWLRQRIWKHGHULYDWLYHRI &2Q ZLWKUHVSHFWWRWLPHDQGUHDUUDQJHPHQWRI




8VLQJ VLJQLILFDQFH OHYHO RI  WKH
SYDOXHV LQGLFDWH WKDW RQO\ 7 61D&O DQG
 ZHW&27 U DUH VWDWLVWLFDOO\ VLJQLILFDQW
6LQFH 6&D&O ZDV QRW GHWHUPLQHG WR EH
VWDWLVWLFDOO\ VLJQLILFDQW RQO\ WKH UHVXOWV
RI H[SHULPHQWVZLWK &D&O6 RI P DUH
SUHVHQWHGLQ)LJXUH
)LJXUH  VKRZV H[SHULPHQWV
FRQGXFWHG DW  . LQ EOXH DQG
H[SHULPHQWV FRQGXFWHG DW . LQ UHG
61D&O    P H[SHULPHQWV DUH
UHSUHVHQWHGE\VTXDUHVDQG61D&O P
H[SHULPHQWVDUHLQGLFDWHGE\FLUFOHV
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( ) ( )( )      / ZHW&2 1D&ON 7 7 6U=      +  
(TXDWLRQGHPRQVWUDWHVDSRVLWLYHFRUUHODWLRQEHWZHHQN/ DQG77KH LQWHUDFWLRQ WHUP  ZHW&27 U 
SURGXFHVDQLQFUHDVHLQN/IRUDQLQFUHDVHLQ ZHW&2U ZKHQ7LVOHVVWKDQ.DQGDGHFUHDVHLQN/
IRU DQ LQFUHDVH LQ ZHW&2U ZKHQ 7 LV JUHDWHU WKDQ  . )LQDOO\ WKHUH LV D QHJDWLYH FRUUHODWLRQ
EHWZHHQN/DQG61D&O
7KHUDQJHRIN/YDOXHVFDOFXODWHGWRFPVDUHFRQVLVWHQWZLWKWKHH[SHULPHQWDOUHVXOWVIRU




3UHYLRXV UHVHDUFK RQ WKH VXUIDFH GLVVROXWLRQ DSSURDFK WR&2 VHTXHVWUDWLRQ E\%XUWRQ >@ DQG -DLQ
>@DVVXPHGDPL[LQJ WDQNRQ WKHVXUIDFH$QDOWHUQDWLYH WR WKLVFRQFHSW LV WRXVH WKH WXELQJVWULQJ LQ
LQGLYLGXDO LQMHFWLRQ ZHOOV DV LQOLQH PL[HUV WKHUHE\ HOLPLQDWLQJ WKH FDSLWDO DQG RSHUDWLQJ FRVWV RI D
PL[LQJWDQN:LWKVXFKDFRQFHSWQDWLYHEULQHZRXOGVWLOOEHOLIWHGIURPDQDTXLIHUYLDH[WUDFWLRQZHOOV
WKRXJK&2ZRXOGEHFRLQMHFWHGDW WKHZHOOKHDGVRI LQMHFWLRQZHOOV UDWKHU WKDQ LQWRDVHSDUDWHVXUIDFH
IDFLOLW\SULRUWRLQMHFWLRQ$VFKHPDWLFRIWKLVDSSURDFKLVVKRZQLQ)LJXUH
7KHFRUHRIWKHVXUIDFHGLVVROXWLRQDSSURDFKLVLQMHFWLRQRI&2ODGHQEULQHZLWKFRQFHQWUDWLRQDWRU
EHORZ WKDW RI WKH VDWXUDWLRQ &2 FRQFHQWUDWLRQ DW WDUJHW DTXLIHU
FRQGLWLRQV7KLVUHTXLUHPHQWUHPDLQVXQFKDQJHGZLWKWKLVK\EULG
DSSURDFK $ VLPSOLILHG WUDQVSRUW PRGHO LV GHYHORSHG EHORZ WR
SUHGLFW WKH GLVVROXWLRQ RI&2 EXEEOHV FRLQMHFWHGZLWK EULQH DW
WKHZHOOKHDG 7KHPRGHO DVVXPHV D WDUJHW DTXLIHU DW D GHSWK RI
 IW DQG D EULQH LQMHFWLRQ UDWH RI  EG ZKLFK ZHUH
GHWHUPLQHG E\ >@ DQG >@ WR EH WKH RSWLPXP LQ WHUPV RI&2
















7KHGHVLJQ WDUJHW IRU WKH FRLQMHFWLRQ DSSURDFK LV WZRIROG L GHWHUPLQH WKH UDWLRRI&2 DQGEULQH
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FRQGLWLRQVDQG LL HQVXUH WKDW WKH&2 LVFRPSOHWHO\GLVVROYHGZKHQ WKH IOXLGV UHDFK WKHERWWRPRI WKH
ZHOO
7KH PRGHO UHTXLUHG WKH FDOFXODWLRQ RI WKH VDWXUDWLRQ &2 FRQFHQWUDWLRQ DW ERWK WKH ZHOOKHDG DQG
ERWWRPKROHFRQGLWLRQVZKLFKZDVFRPSOHWHGZLWKWKH35(26,WZDVDVVXPHGWKDWWKHYROXPHRIEXON
SKDVH&2ZDVVSOLWHTXDOO\LQWRDFRQVWDQWQXPEHURI&2EXEEOHV:LWKDQXPEHURIEXEEOHVVSHFLILHG
WKH LQLWLDO EXEEOH VL]H DQG WKH &2EULQH LQWHUIDFLDO DUHD D ZHUH FDOFXODWHG 6LQFH WKH PD[LPXP EXON
YROXPHRI&2DWWKHZHOOKHDGZDVRQO\RIWKHWRWDOYROXPHEXEEOHFRDOHVFHQFHZDVQHJOHFWHG
7KH GULYLQJ IRUFH IRU PDVV WUDQVIHU WKH &2 FRQFHQWUDWLRQ GLIIHUHQFH ZDV FDOFXODWHG IURP WKDW


















































G\QDPLF N/ RYHU WKH GXUDWLRQ RI DQ H[SHULPHQW IURP UHFRUGHG SUHVVXUH GHFD\ GDWD 7KLV H[SHULPHQW
SURFHGXUHDQGGDWDDQDO\VLVSURFHVVZHUHDSSOLHG WRDGHVLJQHGH[SHULPHQWFRQVWUXFWHG WRHYDOXDWH WKH
HIIHFWRIWKHLQGHSHQGHQWYDULDEOHVWHPSHUDWXUHZHW&2GHQVLW\DQGVDOLQLW\RI1D&ODQG&D&ORQN/
7KURXJK VWDWLVWLFDODQDO\VLVRQO\ WHPSHUDWXUH1D&O VDOLQLW\DQGDQ LQWHUDFWLRQEHWZHHQ WHPSHUDWXUH
DQGZHW&2GHQVLW\ DUH VLJQLILFDQW7KHUH LV DSRVLWLYH FRUUHODWLRQEHWZHHQN/ DQG WHPSHUDWXUHZKLOH














>@ 0DDOHM 6 %HQDGGD % DQG 2WWHUEHLQ0  µ,QWHUIDFLDO $UHD DQG9ROXPHWULF0DVV 7UDQVIHU &RHIILFLHQW LQ D %XEEOH
5HDFWRUDW(OHYDWHG3UHVVXUHV¶&KHPLFDO(QJLQHHULQJ6FLHQFH9ROXPH3DJHV±

















>@-DLQ/  µ)DFWRUV'HWHUPLQLQJ5DSLG DQG(IILFLHQW*HRORJLF6WRUDJHRI&2¶067KHVLV7KH8QLYHUVLW\RI7H[DV DW
$XVWLQ
>@%XUWRQ 0 DQG %U\DQW 6  µ(OLPLQDWLQJ %XR\DQW 0LJUDWLRQ RI 6HTXHVWHUHG &2 7KURXJK 6XUIDFH 'LVVROXWLRQ
,PSOHPHQWDWLRQ&RVWVDQG7HFKQLFDO&KDOOHQJHV¶63(5HVHUYRLU(YDOXDWLRQDQG(QJLQHHULQJ9ROXPH1XPEHU3DJHV
±
